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mo6A EIRTEMRE R G 5w RIEA
KA, RES, BEY, FEHR, GHRT, T

(1. AR A BH 52 B A IR 0T 5 0T eI A RN 43 T B2 0 A48 T S0 %, TR A5 PH 4210015
2. MR R A B 2 e o ) S 2R SR 9E T, TR AP 4210015 3. PR KA IR 26 — R B N A il B,
WIEE MBH 4210015 4. MR E 4GSR ER2E 2P, 0 571199)

3 E] N6-H EAE T (N6-methyladenosine, m6A)F IEABMEM f& B 1 ) mRNA e i WA R MR L1812z —, 17
AECEFR AL IR T, moAEIA T RNAFE SR . 853 . B, A2 SR A B EA: B /R . DA B¢
HmoA TEME , AR RG MR . E B . FLAVES PRI EER, R R meA BET SMa kA 4iiu)E
W1, ISR OCH) mRNA T, HAEE R G IR 1R Wk . mOA BT 7K1 K AH G EE 11 2Rk 7K
KAEMWESSRMARGENREEGL, SHMAEREBIREAE ST, moA B AR SCHE/E 5 B IAREE . 14 A%
WG BRI BRAE . MatE XZRGNE . WIZEA MRk . Q105 PE Bk 0 S 28 22 Go i 55 AR 22 i 282 R G 0R 1Y)  Je i
R OGS (A
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Roles of m6A modification in neurological diseases
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ABSTRACT N6-methyladenosine (m6A) methylation modification is one of the most common
epigenetic modifications for eukaryotic mRNA. Under the catalytic regulation of relevant
enzymes, m6A participates in the body’s pathophysiological processes via mediating RNA
transcription, splicing, translation, and decay. In the past, we mainly focused on the

regulation of m6A in tumors such as hematological tumors, cervical cancer, breast cancer.
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In recent years, it has been found that m6A is enriched in mRNAs of neurogenesis, cell
cycle, and neuron differentiation. Its regulation in the nervous system is gradually being
recognized. When the level of m6A modification and the expression levels of relevant
enzyme proteins are changed, it will cause neurological dysfunction and participate in the
occurrence and conversion of neurological diseases. Recent studies have found that the
mo6A modification and its associated enzymes were involved in major depressive disorder,
Parkinson’s disease, Alzheimer’s disease, Fragile X syndrome, amyotrophic lateral sclerosis,
and traumatic brain injury, and they also play a key role in the development of neurological
diseases and many other neurological diseases. This paper mainly reviewed the recent
progress of m6A modification-related enzymes, focusing on the impact of mo6A

modification and related enzyme-mediated regulation of gene expression on the central

nervous system diseases, so as to provide potential targets for the prevention of

neurological diseases.
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TE RNA W78 Z Fh 2 B0 5% 5k I b%,ﬁ*
N6- H iR 1 (N6-methyladenosine, m6A)J& i # LAY
iz —, o5 FTA RNA FEALm 509 L) 11, 1968
4F Vanyushin % 7641 5 W R A moA &, HE7E i
e SR GO DS A Y ) R RAETE moA &
i, 20124F, Meyer %03 10 RNA H I AL G e e
D72 R ¢ B mO A T I Wi V47 30 40 1) il v s J3E
ik, HJFm6ATEMZ RGP E T RS £,
AL mOA XS P T & B MR TT . XA AT SRR 5
M55 . mOA Bl A B M o B2 3 2 32 A Gl 2 1Y 1A
T, SEMR RNA Y% B SR s A5 1T R 22 Fl
MY IIRE . A SO mOA B i 2 JAH S g
HATEM 2 RGN T VR AT 2558, DU o
2 R GEPIR I PR P AT B

1 m6A *E %Eﬁ&gmlb\ﬁ%f i

mO6A HH SE R E mOA Ak T H I LA 2 25 H 34k
R, B moA FH IR K V- 7ER KRR LR T
mo6A B I fE Al . m6A HH ¢ i £ 7% 5 A K N
(writers), f8[5 I [ (erasers) A2 B A (readers) g 5
I ZFEEE . BAKR, RN L5 i
BEY, R—REENIIGER, 2k IR I
RSB . moA H AL G R g i) 4200 2K 11 L
F %A METTL3, METTL14, WTAP, ZC3H13
KIAA1429%5, METTL3 /& m6A H 3LAE RSl & & A
REEMAMEA, LA SEAaMAEET, TR
M5 PSS AL moA TE A, [RIIs BEFE 41 5 v 41

HERE BB . METTL14 B AR AN AES 7 Hb A fk m6A
FHILBIE G, B A5 METTL3 JE 5% i 51k,
ZE AP SEATE M = T A METTL3, ftn]
H, FEAYR B RIS RIS, e
R A AL R AT i fE Ak D e . WTAP HAAFE 7
R RR . W E AR {0 RNA B . JE
41 43 Ak RN 36 58 B T RED . KIAA1429, FRA vir-
like m6A H X # #% M X B (vir-lke m6A
methyltransferase associated, VIRMA), JH: N il i
SLAE I ILAL RS ilf METTL3/METTL14/WTAP, SEELXT
mRNA m6A 7KF- 1557, 7E KIAA1429 5546 T,
METTL3 5 METTL14 JE i 5% it — R &, WTAP #f—
RaE S A, TEANIEAZ Y B moA H LS
52 5. moA W ELHE R il 52 5 W e Ak HY L DI AA
JEY S-IR IR %%, I SIREIRIVES 6 6%
fw}iﬁ/n (=) ﬁ/ﬁi mo6AY
%%%I,R%ﬁmﬂiﬁgﬁﬁéw
(demethylase), XLE[GFIIAATE R moA BIIRFF S AT
W R SCHE, HAE K moA B mIE, 7EIR
[ BT 1 5 8 B AH G 25 19 5T (fat mass and obesity-
associated protein, FTO)F ALKBHS 4525 H 3L A9 1E
AT &AL PRA., FTORS | Pk A 2 i 5
fitf, J&T AIKB Z W&, J&—Fp i T Fe® Fl 2- U —
1% (2-oxoglutarate) I IR, AT A AL AZ 11 IR 1) 25 H 3
1E®,  ALKBHS5(AIKB homolog 5)J& 4k FTO Ji7 & FA i1
EE2ANEHIIE, S Fe il ol —o-ketoglutarate, o-
KGR A 1F i 212 04U me" . 482 Ao 25 HY &R
fitg, (HRTATAANFEIRD ML, IEEARR I FL
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e h BRIk, ALKBHS 78S I i [ K5k,
Xt FRE T A SR AR AT /D O FTO 78 R ) 2
MG E A, X2 R G E A AR
FERRE AT, KR IR REXT T & 2E moA &1
) RNA #E17 5 HBARIE . AR 24 F 2 AIKB K
JBE WL 51 FTO Fil ALKBHS /2 m6A 1% % Ak it HH JE fify
P S T2 Y ANR] 53500k N6-#8 F L
(hm6A) FIJE LA BR TR . ALKBHS 1] DL 1 #%4#k m6A
W A BT RR , T FTO -S4 AL i P i i 72
S B SE LY mOA T S FE Ak Ty Ne6- 5 HY L I
(hm6A), BJ5 5% 46K No-F Bt AR 11 (f6A), ik Ji
MR IR ERM M. FTO Al ALKBHS 78 m6A 1L AL il
2R, BT IR AR, R R )
MLEY2E R

BEHCEH, BRI meA H AL AEEALEZAY
(methylation binding protein), HEME %% & RNA HY4EE
m6A B S R FEE R . & YTS521-B R PR 45
P B (Y TH) B 25 15 BT 8 A o 201 meA WY LAk 4
SEAFZ—, 454 m6A MM & m6A RNA Y
gk ). YTHZE M E 24045 YTHDFs 1 YTHDCs 4
YTHDCs . U7 T 4 g #% 3, H b YTHDCI 5 i
RNA 878z A% L RUTEL, YTHDC2 F#IK RNA £
SEPEFIEUE RNA Bi% . YTHDFs WA TARIER N,
H:rp YTHDF1 {2 F mRNA #1%, YTHDF2 {i¢ i#F RNA
V&A%, YTHDF3 #iillh YTHDF1/2 ZHE/EH" . m6A il
i SR mRNA b Rkee F RS - A, 805k
5 mRNA JRy i ak — e 2548 & A ARk, AT 72 ) b 7]
WA RS S E N ERR, SHIRYMEE
YER RFEATRI 3 T30, 1700 N — RS D)6E,
AFERNA M. . mRNA 1A% B3 S 5y U146 it
) IR B R S YRk T iR s A A
b, LA HRH A 3 P mRNA f LA 7K F (520
A Ry i — W58 mOA 155 7% T 0 1 28 R G i i AR
PR TI S8 -

2 mOoA XTREZIRITIHRRA £ & BRI

P 28 1R AT PPN A T i 28 JT B RS 1 e 2k
BT BCRY Ty 6 B AT PR B L B A BT R K I R R
(Alzheimer’s disease, AD). W4 #RH . WLZE4E M &K
fEfL 5 . MR R moA S5 T M 2R 1T B 0s
AR KR

2.1 m6A 1&iFS5IAE& TR
4 R 2 8 i ML) 2 i B 5 1Y) 22 B e ot
oM R ESCIRAR L P A s, 1 RN B -4

N ENEA RN SUHP NS W e I RS @ PN N [ER T 7 2
TEPEAXS TCHE . S A% IR SE A 1Y) FTO 2 5 i
LA SR . FTO RN I & E L B 2 1Y
ZAK(D2R)FI 3 BISZAR(D3R)(Gi PR “D2RESZAAR” Yl
LTINS, SR, I RIKFTO 23 L2 ELkAS
Al A LR GRINT %35, R4 o0 Ca™' N
Wi, BURZRARDIREI . AL RIROK TR,
TS B 2 e T8 AN, meA A /b1l LI S N-
I HE-D- KRR R Z K IINMDAR DL, THrAlL
NEEOKSERIE N Ca> WL, AT R 30 2 L e RE pi 40T
PAT o DS I G 5 G i e 2800 I 2 TR S T B
mRNA 1Y) m6A &M AR AL IE 27K P XK 4l 4y 2 1
W5 55 FAEH EEE, AL, MESAIREE N 45
R I 1) cg06690548 3 A i F 34k 5 g A bt A1k 57
AEH R E R — R AR s E A
SLC7A1I FEH T, cg06690548 H B4R ] T34
A IV R K SF- B AR I 1 Ak 7 S R I, DT fih &
T 2 MR 2 e AR . — TR AR 4 R 4
KBTIV R I s S GAK i rs75072999 KEK,  Fhty
ALKBH5rs1378602. rs4924839F1rs8071834 34K, i
i C6orf10frs10335004L K 1) mOA FHIC Y HL H iR &2
ME S MRS RIS A LR B VARG

2.2 m6A &5 AD

AD S — A Al i i) o R P2 R G A PR o
AD FIFRM B LA AT 7 B R o mOA IBIITER
fib D e OCHEER], T D aer AR b2 AD Y
BIHLHIZ — . Han 5558 13 /55 30 =0 77 53 B & 38 AD
JINER Y G B 5 il D BE Y AMPA . NMDA F1 SEMA FE A
1) m6A RNA H B AL /K7 5 %5 BZH AN TR], H AMPA
NMDA FER B ALK T, SEMA FEPR B ALK
FEAR . X R 25 7 IR moA H b AE AD K b &
PEWAEAEA o TR, Han 2% AD /N BRURITIE # % 8
/NERL) RNA m6A H LA K P 47/ it o B, Bt
AD /N BRU 2 J2 R T o RNA m6A H 384k K S 1 5
fE TRTRREE,  HOHR RN v METTL3 A3,
FTO L[N Rk TR, FWIEACEH RNA B B
%57 ADWEE.

Huang ZFUIX ST )5 AD B #4746, RBLH
1 AR SUN 5 i AFE METTL3 1Y 221, HUK
VSN Tau 28 FUKP- 22 EAHDG, B, METTL3
TEAD BHE SR R HE RBMAamA TS
AD KR AILHIAH G4 35 R b U s

AT SRV, A R £ BB 5 | A 2 ik 1] i 22 B e
REfi ML B =, (i 2 R & s B A, 34 m s o
ZARTTHRB AR, R BU™ H A5 > A I e,
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Un A FE AT DR RUAT B /) BRAS 1 1 e B 3 i 52 ) i)
SR RSP . MEARIRER W I moA 1,
1M FTO REW 52 fif% DA 2 5 T SV A 1 2 1 5 | e 1 22 L2 Jik
RERP AL ad R BE , O TR 5 A S 14 o 22 2R G
Feft TR

2.3 mOA B SEE X &ZRE1E

fiatk X ZR B AE 2 T AR X YL CRTETE it 72
R RS, DUBBOARIREGG . A FAEST
R KR A R AR R R, R TR
it e w WLt T =X eSS XM IR T & A
(fragile X mental retardation protein, FMRP)H FMRI
FEH Gifih, =5 BRI DG & & moA FRil
PIEPETE RNAZS A8 H . EREIDHI AR —4l 558
il AT SR AR OC A SRR A BHE . FMRP A9 D fig 2k 1
B2 PR X 28 A 1EP . FMRP 1E 8 —Ff m6A
FEHUAS R BT, A5 HARARIY mRNA ) m6A {37 s 45
A, I BE DL W RNA 19 77 3 5 moeA [ 1 7%
YTHDF2 A HAE . FMRP 4435 H: mRNA #0450 Fa 5
P, T YTHDF2 {i #F X & mRNA {4 F%f# , Rl FMRP
i 7 YTHDF2 #1157 m6A A7 ) mRNA #8475 (1) £ 2
PE, AMEPE X 25550 1 &R ALE b o s 4t T
ﬂﬁE[B-M]O

W52 % B FMRP [ FERD I T 40 i 1 moA
mRNA K. 7ERER S FMRP 0 FMR1 £ )5, 4
B m6A mRNA ZK-F I i 22 57, (HE A X T
YA, A0A T m6A mRNA KRG, B FMRP
fEHE T % m6A mRNA A& 4 o DL BT 0 .
FMRP #0479 mRNA m6A &1 54 7] it 5 FMRP (1
DR s R A 56

2.4 m6A SHEREMNFEN

WLZE 26 M SR A b — PP e A T PP 2R A TR
FORIRMLE M AN BHERCT . BFFECOIR . LSRR i
1k 09 % 9% 7] BE 5 m6A AH B /E I () haRNP A2/B1 Fll
hnRNP C R IARIHA L, TEIEFIRET, moA
5 hnRNP A2/B1 #1 hnRNP C A HAEH 25 T 41
¥ P B mRNA 5% 3 45 15 RNA 4 57 $ 5 520,
hnRNPA H it 8 FRR S R38R P & A LS 40 0 2% B AL A
KT UE AN P A B AR 4k Ak, 1T mOA BESS
4 3 7% B hnRNPA 2875 X 1B | 3 i B2 m6A 4y
SH P IIREE R, ARG 1 & A bl VR FH Y
B o

3 m6A &if 5 EEERE

AR GE (major depressive disorder, MDD) /&

— e LA PR B R R R, D E T 4
TRTEMRFIE . HORAR 2 AIIEHE D S HF mOA M SE i 7E
TARIE i) & A S A R EEAE 458 . FTO
JEmOA BN Z —, R ERE, EWSE
F 40P BEE A DI REAY m6A RNA 3L Ak 1 ifi el
AR LN A9 Fe ik . Samaan PR L FTO 2785
PE X} MDD & 4 47 % Wi, FTO & [H J f+ SNP
1$9939609 5 MDD F9 XU 55 FE A DG . Du 88093 — 20
98 & B . ALKBHS LA )3 (1) SNP 1512936694 5
MDD % YIFH

52 R AESARRE A A S 5 5z A 2 DI O R P,
MR FEES FTO & & . Rivera %P9 i iff 7%
FTO S5IARAE Z M A C &, R BLAESIARSE 3
FTO X 1A 5 $8 B 152 R A% . X — R MKW : FTO
25 T B RG-S IEREZ R T AEALH

PIARAE 5 5 S AR SC M IROE T X R BV, FEJI 0
YT m6A FING, 2-0- — LR 1 (m6Am) FF HE AL HA 1
TR E N R R, IF H meA Ik
m6Am S [ W] BE 55 ) 2 58 -5 B0 RS P
A9 FHLAE JHUAE DG o DEBR B 870 P i L5 75 il
METTL3 5 2 F 5L FTO 20 7E m6A/m6Am 2 M 5%
SEA, BEINRMELCHZ, FE PR L S A X RV RS i
A YA OB . MDD B 7E B R R R R
m6OA/m6Am YT 32 B, X AT REEHE R iR
ZARTUHE S AR S5 5 . PIAR & E 1) m6A/m6Am
AR TF & RIS Wit A W B 7 AT 1 £
JiE . IARAE A 5 R T SG BRE IR T T vk 4
HET RTREMER,

Hong S5O0 18 M/ T 7500 17 354 Ak 38 1) /)N BV 5
HEAT i RNA T, A ) 2Rk RNA STAG1
(circSTAG1), ¥ circSTAG1 12y 7% Sl i3 8 A/ B
Ly, WL cireSTAG EMVAR T AVERT, 458 & Bl
F 3K 1 cireSTAG1 4 3 ALKBHS5, -3 /> ALKBHS5
WIA% N iz, AR BRI J5T 4 A v g % 1ok e 7K i
Jiff (fatty acid amide hydrolase, FAAH)mRNA mo6A f&
WA N5 FAAH PORERE, S8R 1T RIS AN o] T30 7
P | 1 B TR I S5 440 L ) R B At R AR AR AT o
circSTAG1 Al m6A H HAk Z [H] 1T DI RRBK &R, AT
MDD [ RIES T SR LR

4 moA 1215 eln R

A1 455 4 i 61 473 (traumatic brain injury, TBI)J&
HMTEAIL %5 M3 B YT B SR A PR, K2
HIELLOAFI eI rs, DL Gz gl . Bt ol 1 8T
FIE B A AR AIE A8 28 R G R AL A i ke
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M, AU T SRR T RE R A . BT O
(cortical spreading depression, CSD)AIf Il % Ifi 12 1
A — R AN R R W% 28 {6/ TBL i
SR B B R EAE AT . Wang SFEUE 0/ B
TBI J5 ¥ & m6A B 0 §% 5w 3% 1k A7 4= 2 [N 41 0 1
(methylated RNA immunoprecipitation sequencing,
MeRIP-Seq), &I 9221 m6A 27Kk, H370
A BRI 5524 T, SR H AU R R TBUR
METTL3 &3k F 8. Yu 557 % BUAE TBI K BRK M
JZ* METTL14 FIFTO AW 2 T, SAdt—L 5k
FTO 1£ TBUK A AYPEHT, (8] FTO il 57 FB23-2
PR FTO /Y 2 W EAL D RE, & BLAM I FTO 23 filfs 4
24005, FUITIRENE FTO 7E2ERE TBI K BUPH £ T fig
H AR

5 m6A S5HIZE RS fhE

m6A 1B KIS 5 LM IE 1) & 4B & JR™,
8 52 TR 1) s AR BRFAIE 5 mOA RNA H ALY 3%
KA, m6A RNA H SLAb7F i o J 4 15+ 40 BB
A R PU A ST PE R AR R R EAE . WTAP,
RBM15, METTL3, YTHDF2. YTHDF1 fl ALKBH5
()RR 5 1 28 e TR SR R A 1 n 22 TE AR OG
1M FTO 138 15 7K - 55 I Jo 9 0 1 e B 1) 385 Jon 222 1 A
Koo X RNA m6A FHEEAL I (1 KU PF-53 1T LA 37 75
DR 28 58 S S8 2 1) J0L i T

Xie S ok B EIR AT L e B R A B
HONT . RV LI mOA T JFHE 40 A
i Fm#EIE, m6A K52 DNA i H 2L ALKBHI 1Y
AT, ALKBHI HA7 5 s I F1E M, ge4s
A B mOA & AR X B r i Jik PR 20437 A ) LA
m6A FRic. ALKBHI 14t 2% ] 38 1 B AR G £ 5 i ]
Rk (OB W/ IMA S FI R IR S, T3+ SR
0SR20 s A R T DA 1
FEPE) P EEUR R M S UTBR . 7Y ALKBHL K
Shy 400 ) 2 T 240 98 448 AR AR T 0 R IR YT
S

ALKBHS 7£ Jist Jit 1 4 Jg 95 T 41 i (glioblastoma
stem-like cells, GSCs) /= Rk, HEE SN T
FOXMI [T A5G S FHEAEH, T FOXMI ik
HaGE i UCER ALKBHS o] LU GSC By 782, Xt
UUERMETTL3 19 GSCs #£17 m6A-RIP 1 RNA-seq )
AT . GSCs H Y moA &4 32 % i METTL3 4
1To METTL3 Xf GSCs H 5 VTG PR % S B R iy e ik 2
AT/, METTL3 UiER 2 T8 — 26 53 1 208
PR R AN, HARIT GSCs I4EREf &4

6 B 2

m6A TEM G RS Rk, IR ILEME R
Goh I TE A ) 2E D RE ARG T SRl . Rk
FTO SR UFRIZ T Ca® N, 5 LRk T eS|
AR OK S FE v, BT AR O 2 oo R T R
METTL3 i Ai AT 5 B0z S5 b 28 4EL 240 i Jo) S0 2 e o
AR B T A0 2 AR U /D . meA R il 48 2 4 950
MDD. W4 # . AD, lZE4a Mgk, TBI. #
ZRGEMFEENRERBREAT ZHEmM, IRAT
it moA SN AT B T2 HE 4 48 R e i 40 ) ¥R T 1Y
WF5E.

SR, mOA TEA 28 R G0 5% 1t b T2 45 By
B, VFZBARSRAM, W m6A K16 #0122 R Gu 8k
o 2 HE R JE A [ IS E A AT DX 53], 3ok A X531 2k f
fE2MLH TS, SR AR T moA H LAk il |
FHE R P S S B, AR T RE SR A,
m6A 145 AR G P ik K P 1) 22 575 m6A T RERY
ZAEME Z ] I B AE ML AT 4 o AR X m6A
RIS it 35 01 i S )

AR KE  SCRAD, iRSCRG AT,
KE, B, B AR, ¥4
WIS, T3 SR S5FEES . KIE
HHEIT

E k) P (e p ey 9 W N IR E TR U LN

S 3Lk
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